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OF THE 
FELESCOPICAL MOTHER-OF-PEARL 


*MICROME T E R. 
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M1cRroMETER, as the etymology of 
.4 A. the word imports, is an inſtrument 
uſeful for ſmall admeaſurement 5 and as 
ſmall objects are generally obſerved through 
magnifying inſtruments, the Micrometers 
are therefore adapted to microſcopes or tes 
leſcopes ; in the former, being uſed for 
meaſuring lineal extenſions; as the diameter 
of a hair, the length of an inſect, &c.z and 
in the latter; for meaſuring ſmall angles : 9 
thus, if two lines are ſuppoſed to be drawn 
from the oppoſite edges of the ſun's diſk to 
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2 Dyſeription, and Uſe, of the 


the eye of the obſerver, the angle formed 
by thoſe two lines, which is the angle ſub- 
tended by the ſun, may be meaſured by 
means of a teleſcope furniſhed with a Mi- 
crometer. 5 | 
Many different Micrometers have been 
invented, and are now in uſe; all of which, 
however, may be divided into two clafſess- 
in one of which the parts are fixed, and in 
the other have motion. The Micrometers 
of the former ſort, conſiſt moſtly of fine 
wires, or hairs, variouſly diſpoſed and ſitu- 
ated within the teleſcope, juſt where the 
image of the object is formed. In order 
; to determine an angle with thoſe Micro- 
meters, 2 good deal of calculation is gene- 
rally requiſite. The Micrometers of the 
other ſort, of which there is a great va- 
riety, ſome being made with moveable pa- 
rallel wires, others with priſms, others 
again with a combination of lenſes, and ſo 
1 | on, are more or leſs ſubje& to ſeveral in- 
| conveniences; the principal of which are 
the following: 1ſt, Their motions gene- 
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rally depend upon the action of a ſcrew, 


and of courſe the imperfections of its 
threads; and the greater or leſs quantity of 


motion loſt, which is obſervable in moving 
a ſcrew, eſpecially when ſmall, occaſion a 
conſiderable error. in the menſuration of 
angles. 2dly, Their complication and bulk 
render it difficult to apply them to a variety 
of teleſcopes, eſpecially to pocket ones. 
32dly, They do not meaſure the angle with- 
out ſome loſs of time, which muſt be ne- 
ceſſarily employed in turning the ſcrew, or 
in moving ſome other mechaniſm. 4thly, 
and laſtly, They are ſo expenſive, as for 
ſome of them to coſt much more than a 
tolerable good teleſcope. 


The Mother-of-pearl MicrRomtTe is 
a very ſimple, and, at the ſame time, a very 


| accurate inſtrument of the kind. It con- 


ſiſts of a ſmall ſemitranſparent ſcale or ſlip 
of Mother- of- pearl, about the 2oth part of 


an inch broad, and of the thickneſs of 
common writing paper, divided into a num- 
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ber of equal parts. by parallel lines, every 
fifth and tenth of which is a little longer 
than the reſt. 

The value of the diviſions of the Micro- 
meter muſt be aſcertained in every teleſcope 
to which this inſtrument is adapted. This 
ſhould be done by the opticians; and the 
aſcertained value ought to be marked in 
the inſide of the cap of the teleſcope, or in 
ſome other convenient part about it. When 
the value of the diviſions has been once 
aſcertained, the meaſurement of any re- 
quired angle is not attended with any dif- 
ficulty. Suppoſe, for example, that the 
diviſions of a Micrometer in a teleſcope 
have been found to be each equal to an 
angle of 2 minutes and 3 ſeconds, and that 
you. want to aſcertain the angle ſubtended 
by the moon. Looking through the tele- 
ſcope, obſerve how many diviſions of the 
Micrometer meaſure the diſk of the moon 
exactly, multiply this number by the value 
of one diviſion ;z viz. 2". 3“, and the pro- 

duct is the angle required. Thus, if the 
moan 


Teleſcopical Mother-of pear] MicnomeTER, 5 
moon be meaſured” by 1 5 diviſions, mul- 
tiply 2.3“ by 15, and the product, 3o', 45 
is the angle ſubtended by the moon. 
This Micrometer is ſituated in the focus 
of the eye - glaſs of the teleſcope, juſt where 
the image of the object is formed, and with 
its divided edge paſſing through the centre 
of the field of view ; though this is not of 
abſolute neceſſity. It is immaterial whe- 
ther the teleſcope be a refractor or a reflec- 
tor, provided the eye-glaſs be a convex 
lens, and not a concave one, as in the Ga- 
lean conſtruction. 

The fimpleſt way of fixing it, is to ſtick 
it upon the diaphragm, which generally 
ſtands within the tube, and in the focus of 
the eye-glaſs, When thus fixed, if you 
look through the eye-glaſs, the diviſions of 
the Micrometrical Scale will appear very 
diſtin&, unleſs the diaphragm is not ex- 
actly in the focus of the eye-glaſs,-in which 
caſe it muſt be moved to the proper place; 
or the Micrometer may be placed exactly 
in the focus of the eye- lens by the inter- 
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dc of a circular piece of paper, card, 
or by means of bits of wax. This con- 
ſtruction is fully ſufficient when the tele- 


| ſcope. is always to be uſed by the fame per- 


ſon; but when different perſons are to uſe 
it, then the diaphragm, which ſupports the 
Micrometer, muſt be conſtructed ſo as to 
be eaſily moved backwards or forwards, 
though that motion needs not be greater 
than about a tenth of an inch. This is 
neceſſary, becauſe the diſtance of the focus 

of the ſame lens appears different to the 
eyes of different perſons; and therefore, 


whoever is going to uſe the teleſcope for 


the menſuration of an angle, muſt firſt of 
all unſcrew the tube that contains the eye- 
glaſs and Micrometer, from the reſt of the 
teleſcope, and, looking through the eye- 
glaſs, muſt place the Micrometer where the 
diviſions of it may appear quite diſtin& to 
his view. In this ſhifting of the place, the 
value of the diviſions. is ſo little altered as 
not to. occaſion any ſenſible error. 
If any perſon ſhould not like to ſee al- 
F ways 
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ways the Micrometer in the field of the 
teleſcope, then the Micrometrical ſcale, in- 
ſtead of being ſixed to the diaphragm, may 
be fitted to a circular perforated plate of 
braſs, of wood, or even of paper, which 
may be occafionally placed upon the ſaid 
diaphragm. 

When an object is in the feld of the 
teleſcope juſt before the Micrometer, the 
ſemitranſparency of the Mother-of- pearl 
renders the boundaries or edges of it very 
diſtinctly viſible; yet the ſafeſt way of mea- 
ſuring the object, is by obſerving it juſt 
where it coincides with the divided edge 
of the Micrometer, in which place an ac- 
curate obſerver may meaſure the object 
with great accuracy, even to leſs than a 
quarter of a diviſion; for the image of a 
luminous object ſeen through the ſemi- 
tranſparent ſubſtance of the Micrometer is 
a little larger, and the image of a dark ob- 
ject is a little ſmaller, than the truth. 

The uſe of this Micrometer is attended 
with a peculiar and confiderable advan- 
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tage ; namely, that with it the angle ſub- 
tended by an obje& may be meaſured very 
-exactly, even when the diviſions of the Mi- 
crometer are by no means exact or equi- 
diſtant ; for if the ſame object be meaſured 
in different parts of the Micrometer, and a 
mean he taken of the different meaſure- 
ments, the reſult will be very exact, though 
the Micrometer itſelf be not accurately 
divided. Thus, ſuppoſe that the diameter 
of the moon meatured on different parts 
of the Micrometer be found in one mea- 
ſurement to be 31', in a ſecond meaſure- 
ment to be 32, and in a third to be 34. 
Add theſe various obſervations together, 
divide the ſum by the number of obſerva- 
tions, and the quotient is the true angle 
ſubtended by the moon; vg. 


31 
32 
34 
3) 97 ks or 320 20". The true 


angle. 
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It is now neceſſary to ſhew the method 
of aſcertaining the value of the diviſions of 
the Micrometer, after which we ſhall con- 
ſider its various uſes. 


Method of aſcertaining the Value of the 


Divifions of the MICROMETER. 


Direct the teleſcope to the ſun, and ob- 
ſerve how many diviſions of the Micro- 
meter meaſure its diameter exactly. Then 
take out of the Nautical Almanack the 
diameter of the ſun for the day in which 


the obſervation is made; divide it by the 


above- mentioned number of diviſions, and 
the quotient is the value of one diviſion of 


the Micrometer, Thus, ſuppoſe that 263 
diviſions of the Micrometer meaſure the 


diameter of the ſun, and that the Nautical 


Almanack gives for the meaſure of the 


ſame diameter 31, 22“, or (by reducing it 
all into ſeconds) 1882“. Divide 1882“ by 
26, 55 and the quoted neglerring a ſmall 
remainder, 18 71 „or 1, 11“, which is the 

value 
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yo Deſcription, and Uſe, of the 


value of one divifion of the Micrometer, 
The double of which is the value of two 


divifions; the treble is the value of three 
diviſions ; and fo on. | 


Another Method of aſcertaining the Value of 
the MICROME TER, viz. | 
BY FE MOTION OF THE FIXED STARS. 


Direct the teleſcope to a known fixed 
ſtar, and ſo as to let the Micrometer be in 
the plane of the ſtar's motion, which, by a 
few trials, is eaſily found out. Whilſt the 
teleſcope remains fixed in that ſituation, 
obſerve (by means of a ſtop watch, or by 
the help of an aſſiſtant who counts the ſe- 
conds upon a clock) the time employed by 
the ſtar in paſſing along a certain number 
of the diviſions of the Micrometer ; for in- 
ftance, 20 diviſions *. Turn that time 


The light of the ſtar alone, if it be of the firſt 
or ſecond magnitude, is ſufficient to enable the ob- 
ſerver to count the diviſions, when the Micrometer is 
placed juſt before the ſtar. | 
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into angular ſpace . Divide this ſpace by 
the abovementioned number of diviſions 
of the Micrometer, and note the quotient. 
Take the natural cofine of the ſtar's decli- 
nation by the help of tables VII. and XVII. 
of the tables requiſite for the Nautical Al- 
manack ; then ſay, as radius is to the co- 
fine of the ſtar's declination, ſo is the 
above-mentioned quotient to a fourth pro- 
portional; which is the required value of 
one diviſion of the Micrometer. 


When the ſtar is in the equator or very 


near it, then you need only convert the 
time of its paſſing along a certain number 
of diviſions into ſpace, and divide that 
ſpace by the number of diviſions, the quo- 
tient of which is the value required. 


* This may be done by the table for reducing time 
into parts of the equator, and vice verſa, which table 
is inſerted in almoſt every aſtronomical book; or elſe 
by ſaying, as 60” of time is to 15 of ſpace, ſo is the 


time of the paſſage of the ſtar to a fourth proportional, 
which is the ſpace required, 


The 
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The following ſtars being very near the 
equator may be employed for this purpoſe; 
and the correction may be neglected, unleſs 
the teleſcope be a very powerful one, and 
- great accuracy required. 


——. 


Mt. FR... — 


| Names. 


9 in the Whale 
in Orion 

0 in the Lion 

5 in Virgo 
7 in Virgo 
in Antinous 
r le Ver au 

* in Piſces 


y in Virgo 
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] 
| 
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e be 7 
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Right 
Aſcenſion. 


Ü— 


Declination. | 
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37. 3.20, 


80. 11. 42. 


182. 9. 57. 


352.42. 2 


187.38. 11. 


171.25. 21. 
$99.39: JG] 


295.19. 6, 0. 
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Example. Suppoſe that the ſtar Alde- 


baran, in the conſtellation called the Bull, 


be obſerved to paſs through 30 diviſions of 
the Micrometer in 44” of time: It is re- 
quired from thence to determine the value 
of the diviſions of the Micrometer; the de- 
clination of Aldebaran being 16". 34. 
The 44 of time converted into ſpace give 
110; and 11', or (by converting them into 
ſeconds) 660" divided by 30 (the number 
of diviſions) give 15" for the value of each 
diviſion of the Micrometer. But as the ſtar 


Aldebaran 1s not in the equator, this value 
mult be corrected by the following analogy; 


VIZ. as radius is to the natural coſine of 


16*.3'; ſo is 15, to a fourth proportional, 


010x21 

vg. 100000 : 96102 :: 15” .2 2 
| I 00000 

14“, 4; Which is the correct value of each 


diviſion of the Micrometer. 


Example 2d. Suppoſe that the ſtar mark- 
ed 9 in Orion be obſerved to. paſs along 30 


_ diviſions of the Micrometer in 29“ of time, 
and 
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and that from this obſervation you wiſh to 
determine the value of the diviſions of the 
Micrometer: 

The 29“ of time are equal to the angular 
ſpace of 7. 15".; or of 435". ; which num 
ber divided by 30 (the number of diviſions) 
gives 14”, 5 for the value of each diviſion, 
which requires no correction, this ſtar be- 


ing very near the equator, as appears from 
the preceding table. | 


Another very eaſy Method of aſcertaining 
the Value of the Diviſions; &c. 


THERE is alſo a very eaſy method of 
aſcertaining the value of a Micrometer, by 
the help of another teleſcope furniſhed with 
a Micrometer of known value. The prac- 
tical operation is as follows. Obſerve 
through the ſtandard teleſcope a celeſtial 
object, or a very diſtant land object, as the 
_ diftance between any two fixed ſtars, the 
diameter of the ſun, the diameter of a tree, 
the top of a chimney, &c. and fet down 

the 
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the angle ſubtended by that object as given 
by its Micrometer; then obſerve the ſame 
object through the teleſcope with the Mi- 
crometer, whoſe value you want to aſcer- 
tain, and ſet down the number of diviſions 
which appear to meaſure that object. 
Laſtly, divide the above-mentioned angle 
by the ſaid number of diviſions, and the 
quotient is the required value of each di- 
viſion. Thus, if the diameter of the ſun 
be found to ſubtend an angle of 32 minutes 
by the Micrometer of the ſtandard tele- 
ſcope, and to be meaſured by 48 diviſions 
of the Micrometer in queſtion; divide 
32, or 1920” by 48, and the quotient 40". 
is the required value of each diviſion. 
This method is perhaps the moſt eli- 
gible for the Opticians, on account of its 
expedition, and becauſe they may always 
keep a teleſcope by way of ſtandard ex- 
preſsly for this purpoſe. It is almoſt need- 
leſs to obſerve, that the ſtandard teleſcope 


ought to be a pretty good one, and the value 


of its Micrometer well aſcertained. 
Whichever 
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Whichever of the above-mentioned me- 
thods be uſed, it is always improper to rely 


on a fingle obſervation ; for the value of 
the Micromoter ovght to be aſcertained by 
two or more repetitions of one, or of dif- 
ferent methods; and from thence a mean 


taken of the different reſults. 


The value of the Micrometer onee aſcer- 
tained, remains unaltered as long as the 
teleſcope continues the ſame, vlg. as long 
as the diſtance between its lenſes is not 
altered. But in viewing objects at differ- 
ent diſtances, the eye tube of the teleſcope 
muſt be drawn farther out, or puſhed far- 
ther in, ſo as to adjuſt the focus for diſtinct 
viſion, and then the value of the Micro- 
meter is ſubject to ſome alteration, which, 
however, is very trifling, and may be ſafely 
neglected in all the purpoſes for which the 
Micrometer is employed; except in mea- 
ſuring objects which are nearer than about 


200 times the length of the teleſcope ; in 


which caſe the error becomes too ſenſible. 
However, even in this cafe, the error may 


be 
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be corrected; but I ſhall embrace ſome 
other opportunity of deſcribing the accu- 
rate method, it being rather too intricate for 
the generality of readers. 


07 the various Uſes to which 7 Teleſcope 
furniſhed with a M1CROMETER may be 
applied. 


All the following purpoſes, if properly 
conſidered, will be found to depend upon 
the ſame property; for, in fact, a Teleſco- 


pical Micrometer can only ſhew the angle 


ſubtended by an extenſion of any ſort, as 
the diameter of the ſun, the diſtance be- 
tween two ſtars, &c.; they are, however, 
here enumerated, for the ſake of ſhewing 
the reader that ſo ſimple an inſtrument can 
be applied more frequently, and to a 
greater variety of purpoſes, than he may 
perhaps at firſt imagine. —It may be 
uſed | 
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| 1. For meaſuring the apparent diame- 
| ter of the ſun, moon, and pla- 
| nets. 


tances of the ſatellites from their 


| 2. For meaſuring the apparent diſ- 
planets. 


i. 3- For meaſuring the cuſps of the moon 
{ in eclipſes. 


| 4. For meaſuring the apparent diſ- 
tances between two contiguous 
ſtars, between a ſtar and a planet, 
: between a ſtar and the moon, or, 
] laſtly, between a comet and the 
h | contiguous ſtars, and hence the ſi- 
1 tuation or path of the comet may 
| ; be aſcertained. 


5. For finding the difference of decli- 

| nation of contiguous ſtars when 
they have nearly the fame right 
aſcenſion; 


% 


! f =... 6. For 
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6. For meaſuring the ſmall elevations 
or depreſſions of objects above 
and below the horizon. 


7. For meaſuring the proportional parts 
of buildings, and other objects in 
perſpective drawing. 


8. For aſcertaining whether a ſhip at 
ſea, or any moving objett, is co- 
ming nearer, or going farther 


off, 


9. For aſcertaining the real diſtances 
of objects of known extenſion, 
and hence to meaſure heights, 
depths, and horizontal diſtances, 


as roads, rivers, heights of houſes, 
&c. 


10. For meaſuring the real extenſions 
of objects, when their diſtances 
are known. 


11. For meaſuring the diſtance and ſize 
of an object when neither of them 
is known, 


C 2 To 


— 2 un 
8 = 4 -- - * 
- N 3 a 


D 3 
tat as” , 1 
P - 


— 
. , Oey 


pe 1 - *+ 2996 -” * * a > 
- LY — — — 4 7,0 
vo” N — ” 4 
1 or p — 


20 Deſcription, and Uſe, of the 


To thoſe purpoſes we may add two 
more, in which the eye tube only of the 
teleſcope is uſed when the Micrometer is 
adapted to thoſe teleſcopes which contain 
four glaſſes in the eye tube; in ſuch caſe 
the ſaid eye tube being unſcrewed from the 
teleſcope, ſerves as a microſcope, and then 
the Micrometer may be uſed. 


12. For meaſuring the real or lineal di- 


menſions of ſmall objects, inſtead 
of the angles. 


13. For meaſuring the magnifying pow- 


ers of other teleſcopes. 


With reſpect to the firſt ſeven uſes, no- 
thing more needs be ſaid in order to ex- 


plain them; for when the value of the di- 


viſions of the Micrometer is known, mere 
inſpection will anſwer ; remembering only 
what has been already obſerved in the pre- 
ceding pages, namely, that it is better to 
take the meaſurement when the object, or 

| that 
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that part of the object which is intended 
to be meaſured, is contiguous to the divid- 
ed edge of the Micrometer, than when it 
ſtands before the Micrometer, and is ſeen 
through it. 

The method of aſcertaining whether a 
ſhip, or other moving object, is approach- 
ing or receding, is likewile very ſimple and 
evident; for if the angle ſubtended by the 
moving object appears to increaſe, it ſhews 
that the object is coming nearer, and on 
the contrary, if the angle appears to de- 
creaſe, it ſhews that the object is going 
_ farther off. 

The diſtances of objects of known ex- 
tenſion, or their real extenſions when the 
diſtances are known, muſt be aſcertained 
by means of trigonometrical calculations 
from the angle after having been meaſured 
with the Micrometer ; but for the fake of 
expedition, or for thoſe perſons who are not 
acquainted with trigonometry, thoſe cal- 
culations will be found made out in the 
following Table, the uſe of Which is very 

C 3 mort 
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ſhort and eaſy. This, however, is only 
meant for common purpoſes; for when the 
obſervations are required to be very accu- 
rate, and fingle ſeconds or parts of. ſecond 
are to be included, as frequently happens 
in aſtronomy, in that caſe the calculations 
muſt be made according to the uſual rules 
of trigonometry, with the help of logarith- 


mical tables, 


TABLE 


TAB L E 
FOR 


Computing the DisTANCE of an Object 
from the Place of Obſervation, when its 
Extenſion, and the Angle ſubtended by 


it, are known; 


o R, 


For finding the EXTENs10N of the Object 
* when the Diſtance and ſubtended Angle 


are known. 
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TanLE for computing the 


r 
20625 1091 
2946 | 2579 
1586 1473 
1085 1031 
825 793 
668 | 645 
$59 | 843 
479 469 
421 412 
e 
renn 
308 303 
283 279 
261 258 
243 240 
227 | 224 
213 | 210 
200 198 
189 188 
79 178 
2 169 
162 160,6 
155 154 
148,4 1474 
142 141 


r 
6876 5155 
2292 2063 
1379 1298 

982 938 

764 7237 

626 607 

529 $16 

458 448 

404 397 

362 355 
328 322 

299 295 - 

275 271 

255 252 

237 235 

222 220 

208 | 206 

296 | 195 

186 184 
176 175 

167 166 

159,8 188,4 

153 152 

146 | 145 

140,4 | 139,4 
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9 31” | 111 110,4 110 109 108,6 108 4 
| 32 | 107,4 | 106,7 106 106 105 105 4 
33: 4. 394 113,6| 113 102,6 | 102 101,6 | 
4 34 | 101 100,6| 100 100 99 99 9 
1 ee. | 
— 369,5 95 955 94 | 94 933 1 
| 37 | 93 92,5 92 92 993 91 41 
| 38 9055 90 90 89 89 88,5 1 
39 | 88 87,6] 37 87 35,5 86 
42 |___|___ 356 85 35 84,4 | 84 
H4| 34 83,4 | . 83 $3 1] $44] $324 
WW 42 | 32 381, 81 81 80,1 80 
43 } 80 7976 7953 79 78,7 78,4 
n 77, 77,3 77 76,7 
e | 
[| | 75 | 73:0 | 
47 73 | 7253 | 
4.8 ' 71,6 | SY | 
79 70 | 09,4 | | 
50 69 68 | | 
— 51 ö 6754 66,7 | 
52 66 | O5,5 | 
6 53 65 4 | | 
| 54 64 63 
61 55 . 525 62 
| 56 61,4. . 61 | 
$7 60,3 5977 
55s 593 55, 
| 59 58,3 | 57,8 | | 
: Sg! { 56,8 | 9 
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PROBLEM Iſt. To determine the diſ- 
tance of an object, when its ſize 
and the angle ſubtended by it, are 
known. 


The numbers in the preceding table, 
which correſpond to the angles marked in 
the left-hand column and upper horizon- 
tal column, ſhew how many times the diſ- 
tance of the object is greater than its ſize; 
and therefore if they are multiplied by the 
ſize or extenſion of the object, the pro- 
ducts are the required diſtances, which are 
of courſe expreſſed by inches or feet, or 
any other meaſures, according as the ex- 
tenſions of the objects are expreſſed by 
inches, or feet, or any other like mea- 


ſure. 


Example iſt. Suppoſe that the trunk of 

2 tree, which 1s known to be three feet in 
diameter, be obſerved, by means of the 
Teleſcopical 
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Teleſcopical Micrometer, to ſubtend an 
angle of 9. 30“, from which data its diſ- 
tance from the place of obleryation is to 
be determined. Take the number anſwer- 
ing to the angle of 9. 30.“ out of the table, 
which is 362, multiply it by the diameter 
of the tree, vig. three fect; and the pro- 
duct 1086, ſhews that the ſaid tree is 1086 
feet diſtant from the place of obſervation, 
or, more preciſely, from the object end of 
the teleſcope. 


Example 2d. Suppoſe that a pane of 
glaſs in the window of a houſe be found 


to meaſure 9 inches in breadth, and that 


the faid pane viewed through the teleſcope 
from another houſe, be {ound to ſubtend 
an angle of one minute and a half. Take 
the number anſwering to 1. 300, out of 
the table; multiply it by g inches / vis. 
2292 x 9) and the product ſhews that the 
diſtance between the two houſes is 20628 
inches, or 1719 feet. | 
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PROBLEM II. To determine the ex- 
tenſion of an object, when its diſ- 
tance, and the angle ſubtended by 
it, are known. 


This problem is the converſe of the firſt; 
therefore divide the diſtance by the tabu- 
lar number anſwering to the ſubtended 
angle, and the quotient is the extenſion of 
the object. | 


Example. Let it be required to aſcer- | 
tain the height of a man who ſtands at the 
diſtance of one mile, or of 5280 feet; hav- 
ing obſerved by means of the Teleſcopical 

Micrometer, that he ſubtends an angle of 

3. 50.” Divide 5280 feet by 897, which 
is the tabular number anſwering to 3.'50.”, 
and the quotient 1s the required height of 
the man; vis. 5 feet and 104 inches. 


PROBLEM 
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PROBLEM III. To aſcertain the diſ- 
tance and ſize of an object, when 
neither of them is known. 


In order to reſolve this problem, the 
angle ſubtended by the object muſt be ob- 
ſerved from two ſtations, both in the ſame 
ſtraight line with it; one ſtation being 
nearer than the other. The diſtance be- 
tween the two ſtations muſt be meaſur- 
ed likewiſe. Then the diſtance of the 
object from the fartheſt ſtation is deter- 
mined by the following rule: Multiply the 
larger angle by the diſtance between the 
two ſtations; divide the product by the dif- 
ference between the two angles, and the 
- quotient is the diſtance required *. 
Having 


* Let T, t denote the tangents of the two obſerved 
angles, d the meaſured diſtance between the two ſta- 
tions, y the unknown diſtance of the object from the 
fartheſt ſtation, y—d the diſtance of the object from 
the neareſt ſtation, r the radius, and x the unknown 
fize of the object. 


Then 
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Having aſcertained the diſtance, the ſize 
of the object is found by means of Pro- 
blem 2d. 


Example. Let the two obſerved angles 
be 14. and 16.'; and the diſtance meaſur- 
ed between the two ſtations be zo feet. 
Then the product of 16 multiplied by 30 
is 480; and this number divided by two, 
(which is the difference between the two 


angles) gives 240 for the diſtance of the 


object from the fartheſt Nation. 


Then the object, being perpendicular to the axis of 
the teleſcope, is, (in ſmall angles, ſuch as are-mea- 
ſured with a Micrometer) as the tangent of the ſub- 
tended angle; therefore by the rules of trigonometry 
we have r:t::y:x andr:T:;y—d: x; hence 
rx=ty, and rx =Ty—T4 ; therefore ty=Ty—Td9, 
and Ty—ty=T9, which divided by T—t gives y= 


= But in ſmall angles * tangents are as the 
angles; therefore the diſtance y is equal to the product 


of the larger angle multiplied by the diſtance between 
the two ſtations, and then divided by the difference 


detween the two angles. 


It 
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It is neceſſary to obſerve, that in the 
practical ſolutions of the preceding pro- 
blems, there are ſeveral particulars which 
muſt be carefully attended to; otherwiſe 
the reſults will not be attended with the 
accuracy required. 

Firſt of all it muſt be obſerved, that in 
order to meaſure an angle with accuracy, 
the teleſcope ought to have a ſtand, or be 
otherwiſe rendered ſteady ; but yet with- 
out ſuch precaution, one may eaſily acquire 
the practice of meaſuring an angle with 


accuracy ſufficient for many purpoſes, by 


holding a teleſcope in the hands, eſpecially 
when one end of it reſts againſt a tree, a 
door, the fide of a window, &c. 

With reſpect to the preceding table of 
numbers and angles, the reader will per- 
ceive that it contains only the numbers 
of the angles for every 10.“ up to 45. 
and for every half minute from thence 


to a whole degree: yet the numbers 
for the intermediate angles may be ob- 


tained 
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tained very eaſily ; viz. by taking a pro- 
portional part of the difference between 
the numbers of the preceding and ſuc- 
ceeding angles, and adding it to the leaſt 
number. Thus, to find the numbers an- 
ſwering to 4:15. ſubtract 793 from 825; 
add half the remainder, viz: 16 to 793; 
and the ſum 809 is the number anſwering 
to 3.'15.”. Thus alſo we find that the 
number for the angle of 42", is 4332; and 
for the angle 5. 16.” is 657. As the dif- 
ferences between thoſe numbers decreaſe 
very faſt when the angle is greater than 20 
or 25 minutes, there 1s no occaſion to add 
any proportional part for the odd ſeconds ; 
thus, for the angle of 28. 44. you take 
the number anſwering to 28. 40,” Thus, 
alſo, 64 ſcrves with equal propriety for the 
angle of 53. 45. of for 53. 20.“, as for 
53. 30.“ and ſo of the reſt. 


In meaſuring an object with the Micro- 
meter, it is requiſite for the object to be as 
nearly as poſſible perpendicular to the axis 
of the teleſcope, or to the viſual line. If a 

man, 
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man, for inſtance, ſtands on the top of a 
hill, and the obſerver is ſituated below the 
hill, the angle ſubtended by the height of 
the man is ſmaller than it ought to be, or 
than if he ſtood on the ſame level with the 
obſerver ; becauſe, in the former caſe, he 
is not perpendicular, but inclined, to the 
viſual line. In order to ſubtend a proper 
angle, the man on the top of the hill 
ought to lay himſelf down acroſs the vi- 
ſual line or axis of the teleſcope. For the 
fame reaſon, when a diſtance is to be aſ- 
certained from the meaſurement of the 
window of a houſe, if the obſerver ſtands 
above or below the level of the window, 
he muſt meaſure the breadth of the win- 
dow ; but if his ſituation, though on the 
ſame level, be oblique and not ſtraight be- 
fore the front of the houſe, he muſt in that 
caſe meaſure the height of the window, 
that extenſion being now perpendicular to 

the axis of the teleſcope. 
When an inacceſſible diſtance is to be 
meaſured from a fixed place; as for ex- 
D | ample, 
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ample, the diſtance of a town, when a river 
or marſhy ground is interpoſed, or the 
diſtance between the land and a ſhip at ſea, 
the beſt way is to take the angle ſubtend- 
ed by a man, and to eftimate the diſtance 
from it, reckoning the man to be at a 
mean fix feet high when dreffed in the 
uſual manner with ſhoes and hat. But as 
this height is ſubje& to conſiderable varia- 
tion, it is therefore not only proper, but 
neceſſary to take the angles ſubtended by 
ſeveral men, and to calculate the diſtance 
in queſtion from each of them ſeparately ; 
for if then you take a mean of all thoſe re- 
ſults, you will attain a greater degree af 
accuracy, than by any fingle obſervation 
whatever. 
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Example. Suppoſe it be required to aſ- 
certain the diſtarice of an ifland from a ſhip 
at ſea: Take the angles ſubtended by four 
men, and ſuppoſe thoſe angles to be 
3 . 3. en; %,; uad 0, 
Multiply each of the tabular numbers an- 
ſwering 


* . r 
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ſwering to thoſe angles, by fix feet, the 
mean height of a man, and you will have 
the following diſtances; viz. 6168; 5892; 
5892; 5628. Add them all together, and 
divide the ſum by the number of obſerva- 
tions, vigz. 4. The quotient gives 58991 


feet for the required diſtance. 


The laſt precaution J ſhall take notice 
of, is relative to the different magnifying 
powers, and the conſequent different values 
of the Micrometer, in proportion to the 
various diſtances of the objects. The error 
reſulting therefrom may be corrected to a 
great degree of accuracy, by a method 
which will be publiſhed at ſome other op- 
portunity : but it will, however, be neceſ- 


fary to mention, that in meaſuring diſ- 


tances, when the object is nearer to the 


place of obſervation than 200 times the 


length of the teleſcope, the calculated diſ- 
tance is ſenſibly ſhorter than the real one, 
and therefore ſomething muſt be added to 
it, In order to avoid minuteneſs and com- 
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plex calculation, the following rule will 
anſwer with tolerable accuracy: When 
the diſtance of the object is leſs than 200 
times, and more than 1 50 times the length 
of the teleſcope, you may increaſe the cal- . 
culated diftance by the zoodth part of it- 
ſelf: when the diſtance of the object is be- 
tween 150 and 100 times the length of the 
teleſcope, you may increaſe the calculated 
diſtance by the 20odth part of itſelf ; and 
when the object is between 50 and 100 
times the length of the teleſcope, you may 
increaſe it by the 1oodth part of itſelf. 


The following Example will ſufficiently il. 
luſtrate the operation. 
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_ Suppoſe that with a teleſcope of 2 feet, 
furniſhed with a Micrometer, you find 
that a foot ruler placed at a certain diſ- 
tance, ſubtends an angle of 27.'; then, ac- 
cording to Problem 1ſt, its diſtance from 
the object end of the teleſcope is 127 feet. 
| But as 127 feet is between 50 and 100 
11th times the length of the teleſcope, take the 
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100dth part of 127, which is 1,27; add it 
to 127, and their ſum, 128,27 feet, is the 
corrected diſtance. - 


— 


In the enumeration of the various uſes 
of the Micrometer, we mentioned two, in 
which only the eye tube of the teleſcope 
muſt be employed. This is particularly 
applicable to the pocket acromatic Tele- 
ſcopes of 14 and 20 inches, conſiſting of 
four tubes, the ſmalleſt of which contains 
four lenſes, with the Micrometer ſituated 
between the two lenſes that are neareſt to 
the eye. If this tube be unſcrewed from 
the reſt of the teleſcope, and be applied 
to ſmall objects, it will ſerve for a micro- 
ſcope, having a conſiderable magnifying 
power; and the Micrometer will in that 
caſe meaſure the lineal dimenſions of the 
object, as, the diameter of a hair, the limbs 
of an inſect, &c. 

In order to find the value of the-4ivi; 
ſions of the Micrometer for this purpoſe, 
you need only apply a ruler divided with 

D 3 tenths 
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tenths of an inch, to the end of the tube, 
and looking through the tube, obſerve how 
many diviſions of the Micrometer meaſure 
one tenth of an inch on the ruler, which 
will give the required value. Thus, for 
inſtance, if 30 diviſions are equal to one 
tenth of an inch, zoo of them muſt be 
equal to one inch, and one diviſion is equal 
to the zoodth part of an inch; which be- 
ing once aſcertained, may be ſet down 
ſomewhere on the teleſcope, ſo as to be 
always at hand to be referred to if forgot- 
ten. The beſt way is, to ſtick, by means 
of wax, a circle of paper in the inſide of 
the cap of the teleſcope, with both the 
values of the Micromoter marked upon it; 
viz. when the inſtrument is uſed as a te- 
leſcope to meaſure angles, and when it is 
uſed as a microſcope to meaſure the lineal 
dimenſions of ſmall objects. 

It is in the ſtate of a microſcope that 
the eye tube of a teleſcope with a micro- 
meter may be employed for meaſuring the 
magnifying powers of other teleſcopes with 

great 


— — _ 


Telgſcopical Mother-of-pear] MicrnomeTEeR. 39 


great accuracy, by meaſuring the diameter 
of the pencil of light at the eye end of the 
teleſcope in queſtion ; for if you divide the 
diameter of the object lens, or of the aper- 
ture of the teleſcope, by the diameter of 
the ſaid pencil of light, the quotient will 
expreſs how many times that teleſcope 
magnifies in diameter. The practical ope- 
ration 1s as follows : 

Take the eye tube, together with the 
tube next to it, and apply the aperture of the 
latter to the eye-end of the teleſcope whoſe 
magnifying power you with to aſcertain, 
and hold it ſteady againſt that end; then 
looking through the firſt tube, move it 
backward and forward in the other, until 


the pencil of light of the teleſcope in 


queſtion appears quite round and well de- 
fined, in which ſituation obſerve how 


many diviſions of the Micrometer meaſure. 


the diameter of it. You muſt alſo mea- 
ſure the diameter of the object lens in 
inches and tenths, by applying a divided 
ruler to it. This done, multiply the dia- 

x meter 
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meter of the object lens by the number of 
diviſions of the Micrometer, which is equal 
to one inch; divide the product by the 
number of diviſions which meaſure the 
pencil of light, and the quotient is the 
magnifying power of the teleſcope. 'Thus, 
ſuppoſe that 300 diviſions of the Micro- 
meter are equal to the apparent extenſion 
of one inch, that the pencil of light is 


meaſured by 4 of thoſe diviſions, and that 


the diameter of the object lens meaſures 
one inch and two tenths. Multiply 1,2 
by zoo, and the product 360 divided by 4, 
gives go for the magnifying power of the 
teleſcope. _ 

I have applicd ſuch a tube as the one 


- juſt deſcribed, to another very important 
_ uſe; namely, inſtead of a nonius, to the 


ſubdiviſion of the parts of a circle; for 
which purpoſe it anſwers incomparably | 
better than any other contrivance, and no- 
thing can be more fimple. In this caſe, 
the tube muſt be conſtructed to as to ad- 
mit of a little motion between the. laſt lens 
and 
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and the one next to it, for by that means 


the value of the Micrometer may be in- - 


creaſed or diminiſhed at pleaſure, fo as to 
let a proper number of its diviſions become 
equal to a given extenſion ; otherwiſe it 


would be very difficult, and next to impoſ- | 


fible, to cut the Micrometer ſo as to make 
any number of its diviſions equal to a cer- 
tain part of the arch of a circle; as for in- 
ſtance, 30 diviſions equal to half a degree, 
and of courſe each diviſion equal to one 
minute. 9.7.07. 
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